We demonstrate the high fidelity splitting of electron pairs emitted on demand from a dynamic quantum dot by an electronic beam splitter. The fidelity of pair splitting is inferred from the coincidence of arrival in two detector paths probed by a measurement of the partitioning noise. The emission characteristic of the on-demand electron source is tunable from electrons being partitioned equally and independently to electron pairs being split with a fidelity of 90 %. For low beam splitter transmittance we further find evidence of pair bunching violating statistical expectations for independent fermions.
We demonstrate the high fidelity splitting of electron pairs emitted on demand from a dynamic quantum dot by an electronic beam splitter. The fidelity of pair splitting is inferred from the coincidence of arrival in two detector paths probed by a measurement of the partitioning noise. The emission characteristic of the on-demand electron source is tunable from electrons being partitioned equally and independently to electron pairs being split with a fidelity of 90 %. For low beam splitter transmittance we further find evidence of pair bunching violating statistical expectations for independent fermions.
The on-demand generation and separation of entangled photon pairs are key components for quantum information processing in quantum optics [1] [2] [3] . In an electronic analog [4] the decomposition of electron pairs in scalable solid state systems represents an essential building block for employing the quantum state of ballistic electrons in electron quantum optics experiments [5] [6] [7] . While the scattering of electrons in a mesoscopic beam splitter has been used to probe the particle statistics of stochastic sources in fermion Hanbury Brown and Twiss (HBT) experiments [8, 9] , the recent advent of ondemand sources [10, 11] further offers the possibility to synchronize the emission [12] in order to achieve indistinguishability between multiple sources as evidenced by quantum collisions [13] in Hong-Ou-Mandel experiments [14] . Cooper pairs impinging stochastically at a mesoscopic beam splitter have been successfully partitioned [15] [16] [17] [18] [19] [20] verified by measuring the coincidence of arrival at two detectors [15, 16, 19, 20 ]. Here we demonstrate the splitting of electron pairs generated on demand [12] from a dynamic quantum dot. The coincidence correlation measurements in a HBT configuration combined with a highly regular incident beam allow the reconstruction of the full counting statistics of the electron pair transmission, which reveals regimes of statistically independent, distinguishable or correlated partitioning and has been envisioned as a source of information on the quantum state of the electron pair [21] [22] [23] [24] [25] . The high achievable pair-splitting fidelity of up to 90 % opens the path for a future on-demand generation of spin-entangled electron pairs from a suitably prepared two-electron quantum dot ground state.
The few-electron source is based on a single parameter non-adiabatic quantized charge pump [26] [27] [28] , which enables the deterministic generation of single electrons and electron pairs with tunable emission energy [12, 29] . The non-equilibrium electrons propagate along the edge of a quantum Hall sample with minimal inelastic scattering. The device and the measurement setup are sketched in Fig. 1 . An energy-selective detector barrier splits the incoming beam of electrons into two detector paths. The coincidence of arrival of electrons in the two detector channels leads to positive correlation between the time-dependent current signals. These correlations are inferred from a measurement of the zero-frequency crosscorrelation shot noise. While an oscillator controlled electron source is noiseless [30] , the splitting of electron pairs generates partitioning noise and enables a tomography of the probability distribution for the partitioning outcomes within each emission cycle.
The electrons are sourced by a dynamic quantum dot formed by two metallic gates over an 900 nm wide etched channel of a two-dimensional electron gas (2DEG) 90 nm beneath the surface of a GaAs/AlGaAs heterostructure [27] . The carrier density and mobility of the 2DEG are 1.6 × 10 6 cm 2 /Vs and 2.6 × 10 11 cm −2 respectively. Controlled by the modulation of the entrance gate a defined number of electrons are loaded into the quantum dot and ejected over the exit barrier into the channel. The entrance gate voltage is driven by an arbitrary waveform generator enabling the triggered emission of electrons. The exit gate is held at a fixed potential. Due to an applied perpendicular magnetic field of 12 T the emitted electrons follow the sample edge to a detector barrier, where they are transmitted or reflected into two detector channels depending on their emission energy in relation to the energetic barrier height. The value for the magnetic field was chosen in order to suppress the energy relaxation of the electrons on the 2 µm long path towards the detector barrier. For lower values of magnetic field inelastic scattering sets in, dominated by longitudinal optical phonon coupling [31, 32] and visible as steps in the transmitted current with a period of 36 meV.
A measurement of the transmitted current I T allows to determine the average fraction of reflected electrons. In addition, the fluctuations of the transmitted and reflected current are recorded. The real part of the crosscorrelation of the two detector signals is integrated over 20 minutes and averaged within a frequency window between 500 kHz and 3 MHz yielding the zero-frequency shot noise power S X , which is determined by the partitioning noise.
The energetic height of the detection barrier is calibrated by driving a constant current across the exit barrier. With the entrance gate held at ground potential the energy of the electrons emitted into the channel is then controlled by the exit gate and approximately given by the bias voltage V Bias across the exit gate. The combined measurement of I T and V Bias as a function of the voltages applied to the exit gate and the detector gate relates the transmission energy of the electrons to the detection gate voltage V Det [31] . The values for V Bias and V Det along a threshold current then yield the energy calibration of the detection barrier.
The generation and energy-selective detection of ondemand non-equilibrium electrons is demonstrated with the electron source configured to emit one electron at a repetition frequency f = 280 MHz. The transmitted current I T as a function of the barrier energy is shown in Fig. 2 . The maximum level of I T is 2 % below 1 ef due to residual inelastic scattering events on the 2 µm long path to the barrier. For energies greater than 57 meV the current is pinched off as all of the emitted electrons are reflected at the beam splitter. The emission energy is defined by the exit barrier height and can be additionally controlled by amplitude and shape of the driving waveform, which also influences the width of the energy distribution [29] .
Figure 2 also shows the cross-correlation noise power S X (red circles). As the sequence of emitted electrons is very regular and does not fluctuate in comparison to the resolution limit of our noise setup, the correlation between the two detectors is solely determined by the partitioning of the electrons. For energies below the pinchoff region we observe a small background of partitioning noise due to the 2 % reflection of the energy-relaxed electrons at the detection barrier. When all electrons are reflected at large detector barrier energies, the crosscorrelation signal is zero.
For one-electron scattering the current can be equated with the transmission probability T (E) as a function of the electron energy I T (E) = T (E) ef and the resulting expected value for the partitioning noise S mod = −2 T (1 − T ) e 2 f (black line) agrees very well with the measured data. In particular, the negative sign of the cross-correlation signal reflects the anti-correlation of the two detector channels, as the sequence of single electrons is partitioned into either reflected or transmitted electrons.
In the following we characterize the on-demand emission and splitting of electron pairs. With the quantum dot current tuned on the 2 ef plateau one electron pair is emitted per waveform cycle. The corresponding partitioning results are shown in Fig. 3a . The noise power shows a single dip with twice the amplitude compared to the single-electron case, cf. Fig. 2a . For a clocked stream of electron pairs the full counting statistics of transmission can be unambiguously derived from the measurement of I T and S X : I T = (p 1 + 2p 2 ) ef ,
2 f . p 2 and p 0 denote the probability that both electrons are transmitted or reflected. p 1 is the probability for the electron pair to split and both detector channels to record one electron each (Fig. 3b) . If the two electrons are emitted in sequence at the same energy and subsequently scatter independently with the same probability T , the expected partitioning distribution is binomial, p 2 = T 2 and p 0 = (1 − T ) 2 . Assuming a simple step function T (E) = 1/{1 + exp[(E − E 0 )/∆ b ]} we derive the probabilities shown in Fig. 3b by a black dashed line, with ∆ b = 1.8 meV as a fit parameter. A monotonic energydependence for the barrier yields good agreement with the measurement and at T = 0.5 the maximum probability for splitting the electron pair is p 1 = 50%.
The emission characteristics of the electron pair can be tuned by adjusting the driving oscillator waveform [28] . Specifically, we shorten the unloading phase with the goal of maintaining the energy difference in the emission spectrum imposed by the confinement in the quantum dot. As a result, the transmitted current shows a plateau at 1 ef hinting at a separation of the two electrons in energy (Fig. 3c) . In comparison to the previous measurement the cross-correlation noise power now displays two separate dips at transmission current values 1.5 ef and 0.5 ef . In between these dips the cross-correlation noise drops to a low absolute value of 0.2 e 2 f at a transmission current of 1 ef consistent with each of the two detectors receiving a positively correlated, but highly regular stream of one electron per cycle. The corresponding counting statistics (Fig. 3d) shows the fidelity of splitting the electron pair (p 1 ) reaching 90 %.
The counting statistics not only allow to verify the pair-splitting fidelity but can also provide evidence for electron interactions in the partitioning process. Strong anti-correlation between the paths taken by individual electrons after the pair hits the barrier (p 1 > 50 %) indicates that the two electrons are distinguished by the scattering process. Statistically independent scattering of two electrons with transmission probabilities T a and T b would result in a Poisson binomial distribu-
This necessary condition for statistical independence defines a domain in (p 0 , p 2 ) plane, which is compared to the statistics inferred from measurements in Fig. 4 . The data for equally partitioned electrons (see Fig. 3b , blue circles in Fig. 4 ) fall on the border of the domain, as expected from T a = T b = T . The high-fidelity partitioning (Fig. 3d , red squares in Fig. 4) is consistent with the Poisson binomial distribution for a semi-transparent barrier (small p 0 , p 2 ), where the electrons are distinguished by T a = T b . Within this region an HBT correlation measurement is unable to discriminate the physical mechanisms of partitioning: a difference in transmission coefficients may indicate splitting in energy or a more complex orbital separation induced by the Pauli principle (supplementary note). However, for low transmittance (small p 2 , large p 0 ) the independence condition is violated, indicating an increased bunching of electrons beyond statistical coincidence. This effect is reflected in the cross-correlation shot noise which significantly exceeds the value of single particle partitioning (0.5 e 2 f ) suggesting the two electrons are reflected or transmitted together at the respective energies (E = 50 meV and E = 57 meV in Fig. 3c and  3d) .
The violation of scattering independence requires twobody correlations in the incoming state or in the partitioning process. Considering quantum correlations in the incoming state imposed by the Fermi statistics, we note that a single Slater determinant of two orthogonal spin-orbitals is insufficient for the counting statistics to exceed the binomial constraint while a spin-singlet with additional orbital correlations (e.g., a symmetric combination of two orbitals with different energies [23, 24] ) can in principle cause a bunching effect in the transmission. However, the non-monotonic energy dependence of the bunching anomaly (visible as a peak in p 2 (E) in Fig. 3d near E = 57 meV) is inconsistent with the single-channel Landauer-Büttiker picture and a monotonic T (E) regardless of the initial correlations in the incoming two-electron state including an arbitrary mixed state. (supplementary note).
We therefore conclude that electron-electron interaction in the partitioning process causes the observed bunching, which opens a path to introduce nonlinearity in electron quantum optics devices. 3. a Transmitted current and cross-correlation noise power for a source of electron pairs. The horizontal line at e 2 f indicates the level for the superimposed noise amplitude of two partitioned electrons. b Probabilities for two transmitted (reflected) electrons p2 (p0) and for split electron pairs p1. The dashed line represents a fit of the data with a binomial distribution. c Electron source tuned to emit electrons at separate energies leading to (d) a splitting fidelity of 90% and an increased bunching at 57 meV (p2) and 50 meV (p0). 
